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Fig. 1 Schematic diagram of the sensor structure and optical path. (a) Schematic diagram of the proposed sensor structure;
(b) Schematic diagram of the ribbed fiber optic acoustic sensor.

S TARARRE R i) 28, B R DR B R 4R Sl B AT A B o A% IR ) RS R R R E T AR R 1 R A
FE RN AR A L Y R It B B R B B R R g e AR s B AR T o IO JR] T 2 R R b A
dﬂ‘j““
3(1—v)Prt
T I6EL )
A, o FE 3 5102 B B 7 A1R 0 #A H F A7 [OB &, P& i N7 BB I R b 09 77, R0 2 43 )02 [BE T
AR R E B o BB R i v 6 B8 RIS i A AR X 5 8 e M AR RS A DG . H— i R AR T DL SR
i—\‘j‘j[lﬂ
1021 E
/= 2nr® | 12p(1 — ")
T, o J R BTRL Y R 2 R R B I SR T R 5 2 R AR B ORI I R R AT
AR R 0 R A S HAME A ¢ I8 S5AMT AR5 00R A &, IR ES 55 T i a8 2 s Ryt

(2)

0206001-2



R T, 45 « e S BIORUH T 45 4 016 2 22 T RUBITE 58

3(1—v*)rt 1

16E¢ 2 2
I S fo (3)

Jo=) )
S, fOR I IR AT R £, SR AN S S TR R RSN I BELJE L o Bl BELE EG TR0 B R 1Y R U
Sif, DRI 3 Ao AR TR R RT 6 R T LA AR AR B R R e T ARE S (3) , Y L5 T L RS PS¢ R
/N BC IR R 1) 2 25 R AR SR B K . B, 0/ B8 R R s i B BELJE T DL TR AL 1 AR L e XU

SERBEE F v, BEEARBEL e 2 a8 2o A A Bl 4% 1 it DT S

R4 b BE SR ] COMSOL Multiphysics [ 14 Jy 2448 e | X6 XU fify 45 #4158 F A0 4R 3h Rk gk 47 47
R T 05 EL A0 A, A3 BE R B B 80 h 0=2 650 kg/m?, E=72 GPa,v=0.14, F.0BIEME A A2 r% 8 2.2 mm,
DAL AN 1)) 5 4 I SRy 60° , 6 i S 2 £ 16 A 1 24 o o S AR 5 U B0 ke T i A R R R 1 R ) {5
FLEE RN 2 B, W BR300 O T R TS PR A 3 (L TR B RIS T AR o X DR A A T 1 A

BN, REE R 1 M RN iR SRS R A AR Ak B 22 0 A% 4 BT AN SO 1 BE

Sy=—=

d
P

0.008 T T T T

0.007
0.006

(d)

Two ribs
= Three ribs
Four ribs

0.005 F

0.004 F
(b)
0.003F

0.002

Deflection change/um

0.001F
ok
-0.001

(©)

20000 30000 40000

0 10000
Frequency/kHz

K2 FRA#HSHEMFELER (DDA ARBEN, ZEMPEHEN; (DA TRMERRENFALER
Fig. 2 Simulation Results of Rib Structures with Various Counts. (a), (b), and (c) represent double-ribbed, triple-ribbed, and
quadruple-ribbed structures, respectively; (d) shows the simulation results for different numbers of ribs.

HE— 25 3 M1 7 PN S0 B I 2 A 57 R R A S ) JEE R ) SRR B R i LA SR N 1A] 3(a) BT, 90738 X
3 A B 1 45 K RO B R — B o A B SRR AR AR TE T 1A RO S X T A R 6 A S SUBE
A Bl T A RS A AR R B AR S AR TR X R A R e [ 3(h) BT s B TR A D

0.10F @ 04
— Crossed rib
structure
E 0.08 = £
= 303
& %
g 0.06 g
S =
o 202
2 Collinear S
S 0.04F - 4 2
3 rib structure 3
3 5 0.1
8 0.02F ‘J A
oF e
0 10000 20000 30000 40000
Frequency/Hz

W3 FRMEMSEMRAAEEEFNGALER (OFRACEMENHEAER (DI RAERXBE O RAER

Fig. 3 Simulation results of rib structures at different positions and different depth of diaphragm. (a) Simulation results of rib
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Fig. 5 Photograph of the sensor and its reflection spectrum. (a) Schematic diagram of dual-rib structure diagram; (b) Sensor
assembly diagram; (c¢) Reflection spectrum
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Fig. 6 Schematic diagram of the acoustic testing system
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Table 1 Comparison of sensors with different characteristics

Structure Material Sensitivity SNR Reference
Grooved Silicon 172.42 mV/Pa 64 dB@60 kHz [13]
/ Sapphire 13.58 mV/Pa / [20]
Corrugated Graphene-oxide 299.42 mV/Pa 76.66 dB@1 kHz [21]
Beam-supported Silicon 251 pPa/Hz!/? 52 dB@30 kHz [22]
Outer-ring clover Silica 1 362 nm/kPa 67 dB@300 kHz [23]
Drumstick—shaped cantilever stainless steel 302.8 mV/Pa 78.6 dB@1 kHz [24]
Rib structure Fused silica 1418.9 mV/Pa 60.47 dB@30 kHz This work
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High-sensitivity Fiber—-optical Microphone Based on Dual-rib Structure

CHEN Ning', XU Hao', HU Zhengquan', YAO Yaowen', ZHANG Qi', HUANG Yi',
SHAO Jian®, L1 Qun’, ZHANG Xiaobei', WANG Tingyun'
(1 Key Laboratory of Specialty Fiber Optics and Optical Access Networks , Shanghai University , Shanghai 200444, China)
(2 Electric Power Research Institute of State Grid Jiangsu Electric Power Co., Ltd, Nanjing 211103, China)

Abstract: Fiber—optic microphones have emerged as an innovative solution in the field of acoustic sensing
due to their compact size, excellent immunity to electromagnetic interference, and superior insulation
performance. These attributes make them ideal for use in various challenging environments such as power
systems, healthcare, petrochemical industries, and national defense. However, despite these advantages,
traditional fiber—optic microphones still face challenges in terms of sensitivity, stability, and insulation,
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particularly in high—performance or demanding conditions. Some existing designs struggle with low
sensitivity in detecting weak acoustic signals or may experience degradation in performance due to material
instability and electromagnetic interference under extreme conditions. Additionally, ensuring stable
insulation properties in high-temperature or harsh electromagnetic environments remains a challenge for
many fiber-optic microphone designs. Therefore, this work proposes and fabricates a novel high—sensitivity
fiber—optic microphone featuring a dual-rib diaphragm structure.

The microphone unit consists primarily of a dual-rib diaphragm, a single-mode optical fiber, and a
glass sleeve, which work in synergy to convert acoustic signals into optical signals for high—precision
measurement. The diaphragm's design was optimized through finite element simulations to achieve the
desired resonance characteristics and enhance its acoustic sensitivity. Specifically, the ribbed diaphragm
structure was designed to increase its flexibility, thereby improving its response sensitivity to pressure
changes. To fabricate the diaphragm, we employed a picosecond laser micro—nano machining system,
which allowed us to achieve high precision and fine features in the diaphragm's ribbed structure. This
fabrication process ensures that the diaphragm can withstand mechanical stresses during acoustic signal
detection while maintaining high sensitivity.

The fabricated fiber-optic microphone exhibits a high sensitivity of 1 418.9 mV/Pa and a signal-to-
noise ratio of 60.47 dB at a resonance frequency of 15.58 kHz, demonstrating excellent performance in
acoustic signal acquisition. The microphone’s high sensitivity makes it suitable for detecting weak acoustic
signals, even in environments with significant background noise. Moreover, the microphone displays a
strong directional response, which is critical for applications that require precise localization of sound
sources. These characteristics make it an excellent candidate for use in a variety of industrial and scientific
applications, where accurate and reliable sound detection is required.

The potential applications of this high—sensitivity fiber-optic microphone are vast. It is particularly
suited for power sensing, where it can be used to detect weak acoustic signals from power equipment,
monitor partial discharges, diagnose faults, and enable online monitoring of power lines. The microphone’s
immunity to electromagnetic interference and high sensitivity make it ideal for use in environments with
high levels of electrical noise. In addition, the microphone’s ability to detect low—level acoustic signals
makes it a promising tool for applications in healthcare, such as monitoring bodily sounds, as well as in the
petrochemical industry for detecting gas leaks and machinery failures. Beyond these initial applications, the
fiber—optic microphone holds promise for many other emerging fields. For example, it could be integrated
into advanced monitoring systems for industrial automation, where real-time acoustic feedback is used for
predictive maintenance and early detection of mechanical failures. In the field of robotics, the microphone’s
small size and high sensitivity could be leveraged in autonomous systems for environmental sound detection
and localization. Additionally, as wireless technology continues to advance, fiber—optic microphones could
be used in conjunction with wireless communication systems for remote sensing applications, further
extending their potential. Future research will focus on optimizing the diaphragm design to achieve a
broader frequency response and enhancing the microphone’s robustness in extreme environments.
Additionally, efforts will be directed at improving the signal processing capabilities of the fiber—optic
microphone to ensure high—performance operation in complex and diverse environments. This work lays a
solid foundation for the development of high—sensitivity fiber-optic microphones, which will undoubtedly
lead to their widespread application in high-performance acoustic sensing fields, offering substantial
benefits for industrial, scientific, and healthcare applications.
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